Background: Community-acquired pneumonia (CAP) has large impact on direct healthcare costs, especially those derived from hospitalization. This study determines impact, clinical characteristics, outcome and economic consequences of CAP in the adult (≥18 years) population attended in 6 primary-care centers and 2 hospitals in Badalona (Spain) over a two-year period.
Background
Community-acquired pneumonia (CAP) accounts for 5% to 12% of all cases of adult lower respiratory tract infections managed by general practitioners in the community [1] . In Spain the annual incidence of CAP in adults varies between 1.6 and 1.8 per 1,000 inhabitants [2] . The incidence of CAP is higher in winter, in older males and in patients with risk factors [3] [4] [5] [6] [7] [8] . The percentage of adult patients requiring hospitalization is 22-42%, with between 1.2% and 10% of those admitted to hospital managed on an intensive care unit (ICU) [1] .
Despite different available diagnostic tests for CAP, only in nearly 50% of CAP patients the etiological agent is identified [7, [9] [10] [11] [12] [13] [14] [15] , Streptococcus pneumoniae being the most frequently identified pathogen [2, 16, 17 ]. An adequate clinical assessment for patient classification according to severity prediction factors is essential in CAP management in order to determine the most adequate setting for treatment [13, [18] [19] [20] . Antimicrobial treatment is empirically initiated after assessing severity, etiology and resistance prevalence in the setting [21] [22] [23] [24] [25] . The reported mortality varies widely, from less than 1% in the community to over 30% among patients admitted to ICUs [1] . S. pneumoniae is responsible for two-thirds of CAP-related deaths [22] .
CAP has a large impact on direct healthcare costs, especially those derived from hospitalization [26] [27] [28] that can represent up to 90% of the global cost associated with CAP [19] . Nowadays its prevention relies on quitting smoking habits and vaccination against influenza and S. pneumoniae [21, 29, 30] .
Few studies in Spain [5, 31] have addressed the epidemiology, impact, evolution and costs of CAP patients in daily practice, both at primary care and hospital settings. The aim of this epidemiological study was to determine the impact, clinical characteristics, outcome and economic consequences of CAP in the adult population attended in primary care centers and hospitals in Badalona (Barcelona, Spain) over a period of two years.
Material and methods
An observational, retrospective and multicenter study using electronic medical records of both outpatients and inpatients was performed in six primary care centers (Badalona Serveis Assistencials S.A.) and two hospitals (H. Germans Trías i Pujol and H. Municipal) in Badalona (Barcelona, Spain). Clinical data, use of resources and associated costs were recorded over a 6-month period from the date of diagnosis. The study was approved by the Clinical Research Ethics Committee of Hospital Germans Trías i Pujol, Badalona.
Codes R81, 480-487 from the International Primary Care Classification (ICPC-2) [32] and code 481 from the International Classification of Diseases (ninth revision, clinical modification; ICD-9-CM) [33] were used for CAP patients identification in the center's database. Adult patients (≥18 years) with CAP diagnosis confirmed by radiological findings attended from January 1 st 2008 to December 31 st 2009 at study centers that complied with follow-up visits were included. Patients were excluded if they were suffering from tuberculosis, lung cancer or were from other sanitary areas.
Data recorded included demographic characteristics, diagnosing setting, clinical data, radiological findings, etiological filiations, antimicrobial treatment according to the ATC classification [34] , number of days to clinical cure (from onset of symptoms to recovery) and mortality. Previous antimicrobial treatments (previous week), hospital admissions (previous 12 months) and vaccines administered (S. pneumoniae and influenza [last year]) were also recorded. In addition, length of hospital stay, admission to intensive care unit (ICU), readmissions (up to 30 days after discharge), in-hospital complications (organ failure, mechanical ventilation), reasons for discharge and mortality (up to 30 days after discharge) were recorded for hospitalized patients.
Severity was assessed using the Pneumonia Severity Index (PSI) [18] . Morbidity was assessed by the Charlson Comorbidity Index [35] and the individual casuistics index obtained from the Adjusted Clinical Groups (ACGs) system [36] estimating individual health status and risk for health service use. ACGs with similar mean cost were grouped in resource utilization bands (RUBs) distributing patients according to morbidity in 5 groups: 1: Healthy-users, 2: mild morbidity 3: moderate morbidity, 4: high morbidity and 5: very high morbidity.
Total costs including direct healthcare costs and indirect costs were calculated. Direct healthcare costs included medical visits (primary care, emergency room, specialists), hospital admissions and readmissions, ICU admissions, complementary tests (laboratory, conventional and complementary radiology) and treatments. Indirect costs were those relative to the number of lost working days and were calculated considering the Spanish minimum interprofessional salary. CAP costs for a 6-month period following CAP diagnosis were perpatient identified, calculated and expressed as mean cost per-patient. Table 1 shows direct and indirect unit costs except those corresponding to treatments. Costs of pharmacological treatments were calculated considering retail price of medicines at the time of prescription.
Statistical analysis
Patients were distributed into two groups according to the treatment setting: outpatients or inpatients. A descriptive univariate analysis was performed. The KolmogorovSmirnov test was used to verify the normal distribution. Median times for clinical cure were determined using the Kaplan-Meier survival curve. Bivariate analyses were carried out by Student's t-test, analysis of variance (ANOVA), Chi-square test and Pearson's correlation coefficient. Two logistic regression analyses were performed, one using as dependent variable "diagnosis/treatment setting" and the other using "readmission". In addition, a linear regression analysis was performed using "days of hospitalization" as dependent variable. Ambulatory and hospital costs were compared by analysis of covariance (ANCOVA) following Thomson and Barber recommendations [37] , with gender, age, RUBs, Charlson index and PSI score as covariates (Bonferroni-adjusted). The statistical significance was set at p<0.05. The SPSSWIN statistical package, version 18, was used for all statistical analyses.
Results
Among 90,315 subjects ≥18 years belonging to the study centers area, 581 were diagnosed with CAP, 414 (71.3%) of them in the hospital setting ( Figure 1 ). Of the 581 patients identified, 241 (41.5%) required hospitalization and the remaining (340 patients, 58.5%) were followed at their respective primary care center. Prevalence of CAP was 0.64% (95% CI 0.5%-0.7%), annual incidence was 3.0 cases per 1,000 adult inhabitants (95% CI 0.2-0.5) and increased with age: 1.8 for 18-49 years, 3.2 for 50-64 years, 5.1 for 65-74 years and 8.1 for ≥75 years.
A total of 17.4% patients (10.3% for outpatients vs. 27.4% for inpatients, p<0.001) had been hospitalized in the previous 12 months, and 14.5% patients had received an antibiotic course in the previous week (8.8% outpatients vs. 22.4% inpatients, p<0.001). The 23-valent polysaccharide S. pneumoniae vaccine had been administered to 23.1% of the overall study population (17.6% outpatients vs. 30.7% inpatients, p<0.001), while the influenza vaccine had been administered to 40.8% patients (30.0% outpatients vs. 56.0% inpatients, p<0.001). Table 2 shows demographic and clinical data of patients at time of diagnosis. Most participants were males (55.6%), with an overall mean age of 57.5 ± 19.1 years and were not institutionalized (88.3%). Patients that required hospitalization were older (66.6 ± 16.4 years vs. 51.0 ± 18.2 years for outpatients; p<0.001), presented more frequently PSI IV-V (44.4% vs. 7.4% for outpatients; p<0.001) and showed higher morbidity burden (RUB score 3.0 ± 0.7 vs. 2.5 ± 0.9 for outpatients; p<0.001) and Charlson comorbidity index (1.1 ± 0.9 vs. 0.5 ± 1.0 for outpatients; p<0.001). Radiographic evidence of multilobar pneumonia infiltrates was only observed in hospitalized patients (4.1%). In the logistic regression analysis, variables significantly (p<0.002) associated with hospitalization were liver disease (OR=5.9), stroke (OR=3.6), dementia (OR=3.5), COPD (OR=2.9), diabetes mellitus (OR=1.9) and age (OR=1.1 per year of increase).
Microbiological tests were performed in all hospitalized patients but only in 119 out of 340 (35.0%) outpatients. Table 3 shows CAP pathogens identified and antimicrobial treatments administered. Among patients with microbiological tests (360/581; 62.0%), results were positive in 51.7% (186/360; 60.5% outpatients vs. 47.3% inpatients, p<0.001). S pneumoniae was the most prevalent pathogen identified (57.5%, 107/186): 34.7% outpatients vs. 71.9% inpatients; p<0.001. Fluoroquinolones (prescribed in 52.7% patients) was the most frequent antimicrobial class followed by β-lactams (35.6%), with levofloxacin and amoxicillin/clavulanic acid as the most prescribed compounds. Initial treatment was changed in 7.1% of the patients, mainly due to lack of response.
Patients' evolution
Time to recovery was 29.9 ± 17.2 days (27.3 ± 14.5 days for outpatients vs. 33.8 ± 15.7 days for inpatients; p<0.001). Regarding hospitalized patients, 7.5% patients 
Resources utilization and associated costs
Use of health resources and lost productivity are given in Table 4 . Up to 73.3% of total patients seek medical assistance at the primary care general practitioner's office and 58.3% at the specialist's office. Mean number of lost working days was 3.7 ± 11.7 (4.7 ± 12.4 for €118.60 per inpatient, p= 0.009). Healthcare costs were mainly derived from length of hospital stay (60.9%) followed by medical visits (17.2% in total corresponding to 9.7% for specialists, 4.2% for primary care and 3.3% for emergency room visits), pharmacological treatments (5.2%) and diagnostic tests (1.9%).
The adjusted mean total cost per outpatient was €698.5 (direct cost €484.5; indirect cost €214.0) and per inpatient was €2,332.4 (direct cost €2,140.8; indirect cost €191,6). In the multivariate analysis, CAP costs were significantly (p<0.001) associated with readmission (r=0.667), PSI score (r=0.437) and age (r=0.303). Overall, per-patient costs increased with age (<65 years €1,137.96 vs. ≥65 years €1,716.45, p<0.001), due mainly to the increase in direct costs. Among hospitalized patients, significant differences in direct costs were found between patients aged 18-49 years vs. those ≥75 years (€2,151.60 vs. €2,554.84, p= 0.003) while among ambulatory patients no significant differences were found. Patients showing specific comorbidities had significantly (p<0.001) higher hospital-related costs: diabetes mellitus (€3,057.7), stroke (€2,960.2), liver disease (€2,896.6) and COPD (€2,701.9). 
Discussion
Although there is a high variability in published data on annual incidence of CAP, the incidence in the present series (3.0/1,000 adults) is within the range described by others [2, 6, 13, 19, 38] but two-times higher than the annual incidence in a previous study in a similar area [37] . Although hospitalization rates depend on the structure of the primary and secondary healthcare system of the studied area, the percentage of patients admitted in hospitals found in our study (41.5%) is in accordance with published rates [7, 13, 14, 36, 39] but lower than the percentage described in other studies [37, 40] where probably underestimation of ambulatory cases could have occurred. The multivariate analysis performed to investigate variables associated with hospitalization identified liver disease, stroke, dementia, COPD, diabetes mellitus and age as significant variables. Some of them had been previously described as being significantly different between inpatients and outpatients [37] . The length of hospitalization showed linear positive correlation with PSI score, associated in turn with age and Charlson comorbidity index. Of interest is the low percentage of patients requiring ICU admission in our series (0.8%), markedly lower than in other studies [1, 37] . No two studies of the etiology of CAP are the same. Differences in frequency of pathogens may be due to healthcare delivery (primary vs. secondary care), hospital and ICU admission practices, population factors (comorbidities, alcoholism. . .) and study factors [1] . In our series microbiological studies were performed in 62% patients, with great differences in relation to site of care (100% inpatients vs. 35% outpatients), probably because for patients managed in the community microbiological investigations are not recommended routinely [1] . In nearly half of cases with microbiological tests, the etiological agent could not be identified in accordance with results of previous studies [9] [10] [11] [12] [13] [14] [15] , showing again the need for improving microbiological diagnostic tools for CAP. As expected, S. pneumoniae was the most frequent etiological agent among patients with identified pathogen, accounting for approximately one-third of outpatients and two-third of inpatients. Vaccination with the 23-valent pneumococcal vaccine has been reported as cost-effective in individuals aged ≥45 years in our area [41] , however, up to 23.1% of patients with Pn-CAP in our series had been previously vaccinated. This finding suggests the need for improving pneumococcal vaccination strategies, an important point since in Spain nonsusceptibility rates to β-lactams and macrolides in S. pneumoniae are among the highest in the world [15, 42] . However, regardless antimicrobial susceptibility, the link between outcome and serotypes has been described in a published meta-analysis [43] . The fact that levofloxacin was the compound most frequently used as treatment in our series (with macrolides or β-lactam plus macrolides combinations used in <5% cases) contrasts with data from a previous study in our area carried out in 1993-95 where figures were completely different with 65.5% use of macrolides [38] , and could be associated with the high non-susceptibility rates to β-lactams and macrolides in S. pneumoniae in our country. In the present study, Legionella pneumophila was only identified in 7% patients with etiological filiation, without differences in relation to the site of care. This suggests that when establishing empirical antimicrobial therapy in our region, coverage of Legionella should be considered even in outpatients.
Pneumonia is the fifth to ninth leading cause of death in developed countries [39, 44, 45] . Despite mortality of CAP varies depending on the series and site of care, mortality of CAP managed in the community is <1% and from 4% to 10% for hospitalized CAP [1] . In our series, mortality (2.5% for inpatients and 0% for outpatients) was low and length of stay short, probably related to PSI distribution of patients at admission. However, other indices of patient evolution as readmission (19.1%) or time to recovery (29.9 days) were similar or slightly higher than those published [7, 37, 46, 47] . As in a previous study [48] , readmissions were associated with comorbidities.
It has been reported that costs of CAP requiring hospital admission are eight-times higher than those managed in the community [37] . This ratio was lower (3.3-times) in our study where the adjusted mean total cost was €698.6 per-outpatient and €2,332.4 perinpatient. However, costs in the present study were higher than those in previous studies focused on direct hospital costs, both in our country (€1,210 [49] , and €1,847 [50] ), Germany (€1,201) [51] or Italy (€1,587) [52] . Higher costs in our country are probably related with the more recent study period, the higher rate of readmissions, and mainly with the higher number of analyzed variables, including lost of working days. However, it should be considered that indirect costs in this study could be underestimated since they were calculated based on the minimum interprofessional salary in Spain instead of mean salary amount. In addition, 39.4% patients were ≥65 years, the majority probably retired and thus, without lost of working days. In this sense, the fact that indirect costs were higher in outpatients than inpatients may be related with the significantly higher percentage of patients ≥65 years among inpatients vs. outpatients (59.0% vs. 25.6%). Interestingly, hospitalized patients with Pn-CAP showed significantly higher overall mean costs and direct costs, due to longer time to recovery in relation to significantly higher percentage of comorbidities (COPD, diabetes mellitus and asthma) and PSI score.
Several limitations can be identified in our study making difficult extrapolation of results. It was limited to a specific geographical area, with a specific healthcare system, and costs calculated with local data. In addition, limitations derived from the retrospective nature of the observational study design are also applicable.
Conclusions
The results of this study show that CAP has a large economic impact derived from the use of healthcare resources for inpatients and both direct and indirect costs for outpatients. Strategies preventing CAP (such as influenza and pneumococcal vaccination of population at risk defined by age and comorbidities), and reducing hospital admission rates (as domiciliary hospitalization programmes) or hospital resources (short-term hospitalization units) could likely produce substantial costs savings in addition to the reduction of CAP burden.
